This work deals with the nonlinear stability of the elliptical restricted three-body problem with oblate and radiating primaries and the oblate infinitesimal. The stability has been analyzed for the resonance cases around 1 = 2 2 and 1 = 3 2 and also the nonresonance cases. It was observed that the motion of the infinitesimal in this system shows instable behavior when considered in the third order resonance. However, for the fourth order resonance the stability is shown for some mass parameters. The motion in the case of nonresonance was found to be unstable. The problem has been numerically applied to study the movement of the infinitesimal around two binary systems, Luyten-726 and Sirius.
Introduction
The study of equilibrium points and their stability in restricted three-body problems has attracted the attention of many researchers in the past century, as the stable and unstable resonant motions explain many of the celestial phenomena. The nonlinear stability in circular and elliptical restricted three-body problem was studied in detail by many authors. Markeev [1] employed numerical and analytic methods to study the stability of equilibrium points and periodic motions of nonlinear Hamiltonian systems in cases of resonance. Gyorgyey [2] studied the nonlinear stability of motions around the triangular equilibrium point 5 . The work was further elaborately studied by various authors ( [3] [4] [5] [6] , et al.) taking into account various other perturbing forces. Ferraz-Mello [7] used the averaging of the elliptic asteroidal problem to study the first order resonance. Henrard & Caranicolas [8] and Henrard [9] used the perturbation method to study the resonance. Further [10] [11] [12] [13] [14] [15] [16] and many others extended the work and explored various aspects of the problem.
In order to investigate the stability of the triangular liberation points the Hamiltonian is simplified by applying Birkhoff 's transformation. The normalization method adopted is outlined as follows:
(i) The quadratic form 2 should be reduced so that it corresponds to the normal oscillations modes. This transformation is performed by means of real, linear, and canonical changes of variables.
(ii) After the quadratic part 2 has been reduced to normal form, a nonlinear 2 periodic Birkhoff transformation is required to suppress the third-degree term 3 .
(iii) The final step is obtaining a Hamiltonian function normalized to fourth order terms obtained by simplifying 4 by means of a canonical Birkhoff transformation. (1) The characteristic equation of the linearized system has pure imaginary roots are ± 1 , ± 2 .
(2) The frequencies 1 , 2 satisfy the inequalities 1 If the above three conditions are satisfied, then the equilibrium points are stable. The above-mentioned methodology has been used to investigate the nonlinear stability of the elliptic restricted three-body problem with bigger and smaller primaries and infinitesimal as oblate spheroid and also both the primaries as source of radiation. The paper is divided into following sections. Section 1 gives general introduction. The equations of motion are presented in Section 2, and also the triangular equilibrium points are obtained. Existence of resonance in circular case is briefly discussed in Section 3. The normalization of the Hamiltonian is done in Section 4. The second order terms are normalized retaining the third and fourth order terms by using a linear canonical transformation of variables. The stability in third and fourth order resonances is analyzed in Sections 5 and 6, respectively. The stability in nonresonance case is dealt in Section 7 of this paper. The stability of the system has been analyzed using the KAM theorem. The equations used in the intermediate calculation in the sections are given in the Appendix. Numerical applications are presented in Section 8. The discussion and conclusion are drawn in Section 9.
Equation of Motion and Existence of Triangular Points
The differential equation governing the motion of the oblate infinitesimal mass under the radiation and oblateness of the primaries is represented as follows [17] :
where
Here prime ( ) denotes the differentiation with respect to the true anomaly . and denote the partial differentiation of with respect to and , respectively. and represent the semimajor axis and eccentricity of the elliptic path followed by the two primaries. 1 , 2 , and 3 are the oblateness parameter of the primaries and infinitesimal, respectively. 1 , 2 are the radiation factors of the primaries, respectively.
The coordinates of the triangular equilibrium points ( , V) in linear terms of the perturbing forces are given as follows:
The Lagrangian equation of motion of the problem is written as follows: 
Thus, the value of admisible for stable equilibrium point for the case 1 = 2 , when = 0, is given as 
Following the similar procedure, we obtain the critical value of when 1 = 2 2 and 1 = 3 2 as follows: 
Normalization of the Hamiltonian
The Hamiltonian given by (8) is expanded about the Lagrangian point given by (6) . Neglecting the terms independent of and , we get the following representation of Hamiltonian:
Here 
Equating the similar coefficients of ℎ upto the third order terms, the value can be evaluated in terms of , , which are given in the Appendix. The next transformation is obtained by making the substitution of variables:
So that the Hamiltonian of (23) got converted to the form:
where the coefficient of third order terms of ℎ which are given in the Appendix. Finally, we apply the Birkhoff 's transformation of the form ( , ) to ( , ) and nullify all the third-degree terms except those giving rise to resonance of the form 1 = 2 2 . For this, take the generating function of the form:
Choose 3 in such a way so that , ( + = 3), = 1 + 2 , = 1 + 2 are to be determined satisfying (28). 
Now substituting the values of 2 , 3 in (28) and (29) and equating the coefficients of like powers of the powers of the variable we obtain
Stability in Third Order Resonance
From (32), it can be observed that substituting different values of , ( = 1, 2), where + = 3 and 1 = 2 2 , the denomination of R.H.S. of (32) vanishes giving rise to resonances for two set of values of and rendering 3 in determinate. Let
Thus, in resonant case 1 = 2 2 using Birkhoff 's transformation, it is not possible to cancel 3 of the Hamiltonian. In this case 3 retain two resonant terms with coefficients ℎ 1002 and ℎ 0210 . Thus, Hamiltonian reduces to the following form: Applying canonical change of variables 
where 1 is given as
Thus, the Hamiltonian will of the form
Now, to find the value of 4 , let us assume 
with the help of generating function 4 chosen, so that it satisfies
where 4 is the nonhomogenous part of (40):
The coefficients 20 , 11 , and 02 are given as 
Consequently, the Hamiltonian of the dynamical system reduces to the form as 
Stability in Fourth Order Resonance
The Hamiltonian H in this case will be written as
where | "| = (
2 ) 1/2 and ℎ . Now, using Birkhoff 's transformation by means of generating function S where = 2 + 3 + 4 . . ., choose 4 such that 4 takes the normalized form which is given as follows: 
That is,
where 4 is the nonhomogeneous part of (45), where homogeneity is considered in terms of product . Here, 
Now, for the Hamiltonian of the form equation (63), the stability is decided based on the following theorem:
(1) If for a Hamiltonian of perturbed motion, the inequality
is simultaneously satisfied, then the equilibrium point is unstable.
If the inequality signs in (59) change its position and the Hamiltonian contains no terms of the order higher than the fourth, then the equilibrium point is stable. 
Stability in Nonresonance Case
Equation (30) gives the coefficient of 3 in terms of coefficients of 3 reducing 3 = 0. Also 4 in (42) and (44) is chosen, so that 4 retains only terms in normal form (34). Now 3 can be expanded as 
Here, 
The values of ℎ (64) the stability in this case is analyzed by applying the KAM for the normalized Hamiltonian (32). The first two conditions are satisfied except for the resonance cases, which is dealt with in a separate section. Table 3 that the value of ̸ = 0 for all values of 1 , 2 , 1 , 2 , 2 and 3 and < 0 consistently; that is, any possibility that within the assumed values will vanish at any point does not arise. Hence, the equilibrium points are stable.
Numerical Exploration
Motion of an infinitesimal of assumed oblateness around two binary systems, Luyten 726 and Sirius, has also been explored numerically, by evaluating the deciding factors discussed in the previous sections. The data related to the two binary systems used in the calculation are presented in Table 4 .
For both the binary systems the oblateness of both the primaries are assumed to be 0.001, whereas radiation pressure 1 = 0.99 and 2 = 0.98 and values of all the deciding factors are given in Table 5 .
Discussion and Conclusion
The nonlinear stability of the elliptical restricted three-body problem with radiating and oblate primaries and infinitesimal satellite has been analyzed. The character of motion is analyzed in the presence as well as in the absence of resonance. If (Markeev, 1967) , the equilibrium is stable for third order resonance corresponding to 1 = 2 2 . But, it is observed that for no value of 1 , 2 , 1 , 2 , and 3 , the value of Table 2 . Hence, the motion is unstable for small values of eccentricity "e" in third order resonance.
In the resonance cases of fourth order corresponding to 1 = 3 2 , for different values of 1 , 2 , 1 , 2 , and 3 , the values of a and d defined by (58) have been calculated. It is found that the inequality < is satisfied giving rise to stable motion depending on the values of 1 , 2 , 1 , 2 , and 3 and for small values if e is as given in Table 3 .
On the other hand, when resonance is not present the values of term D, defined by (64), ̸ = 0, which is clear from Table 1 . Thus, it can be concluded that the motion is stable in nonresonance case by the use of KAM theorem.
It is observed that for both the binary systems the movement of infinitesimal in 1:2 resonance shows instable characteristic. However, system Luyten-726 shows stable behavior for 1:3 resonance whereas the values of and in the case of binary system Sirius suggest that the system will be instable even in the fourth order resonance. In case of nonresonant movement, it was found that on changing the Table 5 Binary System Other than those values, the system shows stable behavior in nonresonant case.
